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Prufungsantrag gem. S 44 PatG 1st gestellt 
(§) Verf ahren zur Sanierung von Leitungen durch druckdichte Auskleidung mit thermoptastischem Kunststoff 

(§) Die Erfindung betrifft ein Verf ahren zur Sanierung von 
Leitungen durch eine druckdichte Auskleidung mit thermo- 
plastischem Kunststoffmaterial sowie eine segmentierte 
Innenrohranordnung zur Leitungssanierung. Erfindungsge- 
mafi wird eine Kunststoffbahn an der Bausteiie oder bereits 
vorher unter Erwarmung verformt um ihre Querschnittsaus- 
dehnung unter den Leitungsinnendurchmesser zu reduzie- 
ren r und die verformte Bahn {1) in das Leitungsstuck 
eingezogen. Die Endbearbeitung erfolgt in dem Leitungs- 
stuck und wird durch Erwarmung und Auseinanderdrucken 
der verformten Bahn bewirkt, um diese der Form der 
Leitungsirmenwand anzupassen und ein fnlcner-Rohr (22) zu 
bilden. Die dadurch zueinander ausgerichteten Bahnseiten- 
kanten (3, 5) warden anschlie&end an ihrer Beruhrungsflache 
u verschweifit. Die erfindungsgemaBe segmentierte Innenroh- 
ranordnung besteht aus zwei oder mehr Segmentan r deren 
£ Seitenkanten durch Folien druckdicht und flexibel verbunden 
und insgesamt ringformig geschiossen sind. Nach Einzug in 
das Leitungsstuck erfolgt die Endbearbeitung durch Ausein- 
anderdrucken der Segmente und Formanpassung an die 
Leitungsinnenwand sowie VerschweiBung der Segmente, 
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konnen an der tnolchartigen Vorrichtung angebracht 
sein, so daB die VerschweiBung unmittelbar auf die 
Formanpassung folgend durchgefiihrt wird. 

In einer bevorzugten Ausftihrungsform erfolgt die 
VerschweiBung durch elektrische Heizdrahte, die nahe 
an den Bahnseitenkanten in Langsrichtung in die Kunst- 
stoffbahn eingearbeitet sind An den Seitenkanten wer- 
den bei der Herstellung der Kunststoffbahn jeweils ein 
oder mehrere elektrische Leiter eingelegt die die 
Kunststoffbahn im wesentlichen parallel zu den Seiten- 
kanten durchziehen. Durch StromfluB in den integrier- 
ten Heizdr&hten erfolgt eine Erwarmung und Ver- 
schweiBung der aneinanderliegenden Seitenkanten in- 
nerhalb des Leitungsstucks. Dadurch entfallt die Not- 
wendigkeh eines gesonderten SchweiBgerates, das die 
Leitung auf ganzer Lange durchfahrt Die Verschwei- 
Bung von Kunststoffberuhrungsflachen mittels inte- 
grierter Heizdrahte stelh ein allgemein sehr vorteilhaf- 
tes Verfahren dar, dessen Anwendting nicht auf dem 
vorliegenden Zusammenhang beschrinkt ist und vielfaf- 
tige Anwendungsmoglichkeiten bietet 

In vorteilhaften Ausgestaltungen des erfindungsge- 
maBen Verfahrens wird als thermoplastisches Kunst- 
stoffmaterial Polyethylen (PE) t vernetztes Polyethylen 
{VPE) oder Polyvinylidenfhiorid (PVDF) verwendet 
Die VerschweiBfahigkeit der Beruhrangsflache kann 
dadurch gunstig beeinfluBt werden, daB die beiden zu 
verschweiBenden Seiten aus unterschiedlichen Materia- 
lien bestehen, beispielsweise eine Seite aus PE und die 
andere aus VPE besteht oder eine Seite aus PE und die 
andere aus PVDF besteht DemgemaB ist es vorteilhaft, 
die Kunststoffbahn als Verbundwerkstoff in der Weise 
auszuftihren, daB die Kunststoffbahn an einem Seiten- 
bereich aus einem anderen Material aJs der Rest der 
Kunststoffbahn besteht 

Eine vorteilhafte Ausftthrungsform der Erfindung 
wird durch eine segmentierte Innenrohranordnung er- 
reicht, die aus einer Kunststoffbahn besteht, die in meh- 
rere, in Langsrichtung verlaufende Segmente unterteilt 
ist Die Segmente konnen vorteilhaft bereits zylinder- 
segmentfdrmig vorgeformt sein. Die Segmente haben 
ineinander passende Seitenkanten, die jeweils durch ei- 
nen diinn ausgebildeten Folienbereich mit der Seiten- 
kante des benachbarten Segments verbunden sind und 
im Querschnitt insgesamt zu einer ringartigen Struktur 
zusammengeschlossen sind, Dadurch wird eine von 
vornherein druckdichte Anordnung erreicht, die zusam- 
menlegbar und in eine Leitung einziehbar ist und durch 
Druckerhohung und Auseinanderdrucken der Segmen- 
te an die Innenform der Leitung angedruckt wird. Das 
Vorsehen mehrerer Segmente ermdglicht wiederum, ei- 
ne druckdichte Innenauskleidung erst innerhalb der Lei- 
tung herzustellen, so daB Innendurchmessertoleranzen 
der Leitung durch Formanpassung ausgegltchen wer- 
den kdnnen, bevor die endguttige VerschweiBung der 
Segmentanordnung zu einer druckdichten Innenaus- 
kleidung erfolgt 

Die Erfindung wird im folgenden anhand von Ausfuh- 
rungsbeispielen in den Figuren erlautert; es zeigen: 

Fig. I eine Schnittdarstellung einer Anordnung zur 
Durchfuhrung des erfindungsgemaBen Verfahrens; 

Fig. 2 eine Schnittdarstellung einer aJternativen An- 
ordnung zur Durchftihrung des Verfahrens; 

Fig. 3 eine Schnittdarstellung einer weiteren Alterna- 
tive einer Anordnung zur Durchfuhrung des Verfah- 
rens; 

Pig, 4a bis d verschiedene Ausgestaltungsformen der 
Bahnseitenkanten im Querschnitt, 



Fig. 4e und f Leitungsquerschnitte mit verformter 
Kunststoffbahn und an die Leitungsinnenform angepaB- 
ter Auskleidung; 

Fig, 5 Kunststoffbahn in verschiedenen Verfor- 
5 mungsarten zur Reduktion der Querschnittsausdeh- 
nung; und 

Fig- 6 Querschnittsdarstellung einer Kunststoffbah- 
nanordnung mit mehreren Segmented 
Fig. I zeigt ein erstes Ausfiihrungsbeispiel einer An- 

10 ordnung zur Durchftihrung des erfindungsgemaBen 
Verfahrens. Darin ist eine allgemein mit 1 bezeichnete 
unterirdische Leitung mit einem ersten Zugangsschacht 
16 und einem zweiten Zugangsschacht IS gezeigt. Das 
zu sanierende Leitungsstuck befindet sich zwischen den 

15 Zugangen 16 und 18, wahrend der Leitungsabschnitt 
links davon bereits mit einem Inliner-Rohr versehen ist 
Das Kunststoff material steht aufgeroJIt auf einer Trom- 
mel 2 bereit und wird als ebene Kunststoffbahn 4 von 
dieser abgezogen. Die Kunststoffbahn 4 muB vor Ein- 

20 zug in das Leitungsstuck durch Verformung vorbereitet 
werden. Dies geschieht in den Bearbeitungseinheiten 6 
und 8, wobei in der Einheit 6 die Kunststoffbahn er- 
warmt wird, urn anschiieBend in der Bearbeitungsein- 
heit 8 verformt zu werden, Dabei sind verschiedene 

25 Verformungsarten moglich, die eine ausreichende Re- 
duzierung der Querschnittsausdehnung der Kunststoff- 
bahn Iiefern. Einige Beispiele moglicher Verformungs- 
arten sind in Fig. 5 gezeigt In einer Ausftihrungsform 
wird die Kunststoffbahn 4 verformt, indem ihre auBeren 

30 Seitenbereiche 9 und 11 umgeschlagen und teilweise 
tiberlappend ubereinandergelegt werden, urn so eine in 
ihrer Querschnittsausdehnung reduzierte verformte 
Kunststoffbahn 10 herzustellen. Die verformte Kunst- 
stoffbahn 10 wird liber geeignete Umlenkeinrichtungen 

35 in den ersten Zugangsschacht 16 umgelenkt und dort 
vor dem Einzug in das Leitungsstuck einer weiteren 
Bearbeitung in der Bearbeitungseinheit 12 unterzogen. 
Darin wird die verformte Kunststoffbahn erneut er- 
warmt und mit einem runden Kaliber umgeformt, urn 

40 durch Aufweitung bereits eine nahe an der endgiilttgen 
Rohrform liegende Form zu erreichen, deren AuBen- 
durchmesser durch Oberlappung der Endbereiche ge- 
rmgfilgig unter dem Innendurchmesser der Leitung 
liegt Das vorgeformte Rohr 20 wird mittels eines Seil- 

45 zugs 14 aus der Bearbeitungseinheit 12 in das Leitungs- 
stuck bis zum Leitungsausgang im zweiten Zugangs- 
schacht 18 eingezogen. AnschiieBend erfolgt die Endbe- 
arbeitung in dem Leitungsstuck. Dazu ist zunachst die 
endguttige Formanpassung an die Leitungsinnenwand 

50 erforderlich. 

Zur Formanpassung muB der Kunststoff erneut er- 
warmt und unter Druck an die Leitungsinnenwand an- 
gepreBt werden. Dies kann auf verschiedene Weise ge- 
schehen, beispielsweise kann eine molchartige Vorrich- 

55 tung das Leitungsstuck durchfahren, und dabei jeweils 
ein Leitungsstuck erwarmen und mechanisch nach au- 
Ben an die Leitungswand andriicken, Erwarmung und 
Innendruck kann auch auf andere Art erzeugt werden, 
beispielsweise mittels eines Thermodruckschlauchs, in 

eo den unter Druck bestehende, heifle Fliissigkeit einge- 
speist wird. 

Durch das Auseinanderdrucken der Kunststoffbahn 
werden in die ursprOnglichen Bahnseitenkanten einan- 
der gegenuberliegend zueinander ausgerichtet Vorteii- 
65 haft sind die Bahnseitenkanten 3 und 5 abgeschragt ge- 
staltet, wie in Fig. 4a gezeigt ist Dadurch wird eine 
schrag zur Rohrachse liegende Beruhrungsflache gebil- 
det, entlang derer sich die Bahnseitenkanten 3 und 5 
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zeichnet, daB fur den Einzug in das Leitungsstuck 
eine plane Kunststoffbahn {4) von einer Trommel 
(2) abgezogen wird und durch Verformung fur den 
Einzug vorbereitet wird, indem sie erwarmt und die 
auBeren Seitenbereiche (9, 1 1 , 9', 11') der Bahn urn- 5 
geschlagen und teilweise uberlappend Qbereinan- 
dergelegt werden. 

3. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB von einer Kunststof fbahntrommel (2') 
bereits die durch Umschlagen der Seitenbereiche 10 
verformt vorbereitete Bahn (10, 10', 10") fur den 
Einzug in das Leitungsstuck abgezogen wird 

4. Verfahren nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, daB die verformt 
vorbereitete Kunststoffbahn (10, 10', 10") unmittel- 15 
bar vor dem Einzug durch das eine Ende des Lei- 
tungsstucks erwarmt und fiber ein rundes Kaliber 
gezogen wird und rohrformig aufgeweket mit ei- 
nem AuBendurchmesser wenig unter dem Innen- 
durchmesser der Leitung eingezogen wird. 20 

5. Verfahren nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, daB die Seiten- 
kanten (3, 5) der Kunststoffbahn (4) beztiglich der 
Bahnebene abgeschragt ausgebildet sind, so daB 
die Seitenkanten beim Umformen der Kunststoff- 25 
bahn zur Rohrform eine Benin rungsflache bilden, 
die im Querschnitt nicht radial zur Rohrmittelachse 
verlauft 

6. Verfahren nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, daB die Erwar- 30 
mung zur Anpassung der Kunststoffbahn an die 
Form der Leitungsinnenwand mittels HeiBluft, 
Dampf oder einem Thermodruckschlauch durchge- 

f uhrt wird 

7. Verfahren nach einem der vorhergehenden An- 35 
spruche, dadurch gekennzeichnet, daB die Druck- 
einwirkung zur Anpassung der Kunststoffbahn an 
die Form der Leitungsinnenwand mechanisch mit- 
tels einer molchartigen Vorrichtung oder mittels 
eines unter Druck stehenden Thermodruck- 40 
schlauchs durchgef iihrt wird 

8. Verfahren nach einem der vorhergehenden An- 
spriiche, dadurch gekennzeichnet, daB die Ver- 
schweiBung der Beriihrungsflachen der Bahnsei- 
tenkanten (3, 5) durch HeiBluft-, Heizdraht-, Laser*, 45 
oder ExtrusionsschweiBen durchgefuhrt wird 

9. Verfahren nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, daB nahe an den 
Bahnseitenkanten (3, 5) in Langsrichtung verlaufen- 
de elektrische Heizdrahte (24) in die Kunststof f- 50 
bahn (4) eingearbeitet sind und die VerschweiBung 
der Beruhrungsflache der Bahnseitenkanten durch 
elektrisches Auf heizen der integrierten Heizdrahte 
(24)erfolgt 

10. Verfahren nach einem der vorhergehenden An- 55 
spruche, dadurch gekennzeichnet, daB die Kunst- 
stoffbahn aus Polyethylen (PE), vernetztem Poly- 
ethylen (VPE), oder Polyvinylidenfluorid (PVDF) 
besteht 

IL Verfahren nach einem der Anspriiche 1 bis 9, 60 
dadurch gekennzeichnet, daB die Kunststoffbahn in 
der Weise als Verbundwerkstoff ausgebildet ist, 
daB eine Seitenkante (3) vollstandig aus Polyethy- 
len (PE) besteht, wahrend die gegenOberliegende 
Seitenkante (5") vollstandig aus vernetztem Poly- 65 
ethylen (VPE) oder Polyvinylidenfluorid (PVDF) 
besteht so daB die zu verschweiBende Beruhrungs- 
flache einen PE-VPE- oder einen PE-PVDF-Ober- 
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gang bildet 

12, Segmentierte Innenrohranordnung zur Sanie- 
rung von Leitungen durch eine druckdichte Aus- 
kleidung der Leitungsinnenwand mit thermoplasti- 
schem Kunststoff, dadurch gekennzeichnet, daB 

- eine Kunststoffbahn, deren Breite nSh- 
rungsweise dem Innenumfang der Leitung (1) 
entspricht, in mehrere, in Langsrichtung ver- 
laufende Segmente (30, 32) unterteih ist, von 
denen wenigstens etnige der Leitungsinnen- 
wand angepaflt, zylindersegmentformig vor- 
geformt sind, 

- die in Langsrichtung verlaufenden Segmen- 
te (30, 32) aneinanderpassende Seitenkanten 
aufweisen, die durch dunn ausgebiidete Folien- 
bereiche (31) miteinander verbunden sind, und 

- die Segmente insgesamt zu einer ringformi- 
gen Struktur geschlossen sind, die im Inneren 
der zu sanierenden Leitung unter Warme und 
Druck zu Rohrform auseinandergedruckt und 
zu einem druckdichten Inliner-Rohr ver- 
schweiBt werden. 
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The invention concerns a method for renovating pipelines by means of a pressure tight 
lining of the internal pipeline wall with a layer of a thermoplastic plastic material and a 
segmented interior pipe arrangement for pipeline renovation. 

The lining of internal pipeline walls serves to protect against wear and reinstates the 
functionality of damaged pipelines by creating a pressure tight internal pipe that abuts against 
the internal wall of the pipeline to be renovated. In this way the functionality of a pipeline 
section can be reinstated fully by affixing the internal pipe without having to access the entire 
pipeline. 

From the published application EP 03 01 697 a method and a device for inserting an 
inliner pipe for protection or reinstatement of a damaged pipeline is known. According to this 
method an inliner pipe made of plastic is produced with the desired dimensions, e.g. with an 
external diameter suited to the internal diameter of the pipeline and the desired wall thickness. 
Following extrusion the pipe is heated once more to a temperature clearly below that of the 
liquefaction point and shaped by pressing the same sideways into a deformed pipe, the cross- 
section of which can for example take a U-shaped or a V-shaped form. The pipe deformed in 
this way comprises a cross-sectional expansion that is smaller than the internal diameter of the 
pipeline into which the inliner pipe is to be installed. Inside the pipeline the pipe is heated once 
more to reverse the deformation and to return the same to its original pipe shape. In addition 
the pressure inside the pipe is increased in order to press the pipe against the internal wall of 
the pipeline. One problem with this method is the fact that the inliner pipe produced in advance 
has a constant outer radius which is matched to suit the nominal value of the internal diameter 
of the pipeline to be renovated. The inliner pipe can therefore not compensate tolerance based 
variations of the pipeline interior in a satisfactory way. 

It is therefore the purpose of this invention to provide a simplified method for 
renovating pipelines which will create a pressure tight lining of the pipeline and allow the 
compensation of tolerance values of the internal pipeline shape. 
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This task is solved in accordance with the invention by a method with the 
characteristics of Claim 1 and the segmented internal pipeline arrangement with the 
characteristics of Claim 12. Preferred embodiments of the invention form the subject of the 
dependent Claims. 

According to the invention aplastic strip, the width of which is almost the same as the 
internal circumference of the pipeline to be renovated, is provided and inserted into the 
pipeline section at a first access point by means of a traction rope previously inserted into the 
pipeline along the entire length of the same pipeline up to a second access point. For this the 
plastic strip is prepared during a previous processing step by means of deforming in such a 
way that the cross-sectional expansion of the same is smaller than the internal pipeline, 
diameter. Inside the pipeline the plastic strip is processed further and pressed apart by means of 
heat and pressure application, so that the same takes up a pipe-like shape upon adjustment to 
suit the internal pipeline shape, the side edges of the original plastic strip of which abut against 
each other. By applying heat and internal pressure the plastic strip adjusts itself exactly to 
match the relevant internal pipeline shape, whereby the side edges of the strip are aligned with 
each other whilst compensating possible tolerances. During the last step the. contact surfaces of 
the strip side edges are welded to each other, so that a pressure tight internal lining of the 
pipeline or an Miner pipe is formed. 

One advantage of the method of the invention is the fact that the internal lining is 
closed only once the same is positioned inside the pipeline and an improved compensation of 
the tolerances within the internal pipeline diameter is therefore possible in this way. 

As a starting point of the method a flat plastic strip can serve, which is provided on site 
rolled onto a drum. The strip removed from the drum must then be processed prior to 
installation in that the same is heated and deformed. The deformation can for example be 
created in that the outer side areas of the strip are folded over and partially overlapped, so that 
the cross-sectional expansion of the plastic strip is smaller than the internal pipeline diameter. 



Alternatively the strip already processed by means of deformation can be provided on 
site and removed from a drum pre-prepared. 

With a preferred embodiment the deformed prepared plastic strip is subjected to further 
processing prior to inserting the same into one end of the pipeline. 

For this the strip is heated and expanded by means of a calibre, and already transformed 
into a pipe or cylinder shape that slightly overlaps in this way, so that the external diameter 
remains smaller than the internal pipeline diameter. In this way final processing and shape 
adjustment within the pipeline can be simplified. 



The plastic strip is preferably pre-prepared in such a way that its side edges extend 
diagonally in relation to the surface of the strip, so that a sloped contact surface is created 
along the edges when the strip is closed to form a cylinder shape, which extends diagonal in 
relation to the cylinder surface, e.g. does not extend radially in relation to the cylinder axis. 
This slope allows an improved adjustment to match the varying internal pipeline diameter in 
that the edges can be offset along the contact surface. 

With preferred embodiments the heat required for shaping the plastic strip inserted into 
the pipeline can be provided by means of hot air, steam, or a thermal pressure hose via which 
hot pressurised fluid is supplied. 

The pressure required for expanding the inserted plastic strip and for matching the 
shape of the same to suit the internal pipeline wall can be applied mechanically by means of a 
mole-like device which penetrates the pipeline section, by means of manipulators,_or by means 
of a thermal pressure hose inserted into the plastic strip, whereby pressure as well as heat can 
be applied with the latter device. 

The contact surfaces of the strip edges aligned with each other following the expansion 
and shaping of the plastic strip within the pipeline section can be connected with each other by 
means of various known welding methods, for example by means of hot air, heated wire, laser 




or extrusion welding. The necessary welding equipment can be affixed to the mole-like device, 
so that the welding can be carried out immediately after the shape has been adjusted. 

With a preferred embodiment the welding is carried out by means of electrically heated 
wires which are inserted near the side edges of the strip in longitudinal direction of the plastic 
strip. During manufacture of the plastic strip one or more electrical conductors are inserted at 
the side edges, which penetrate the plastic strip substantially parallel to the side edges. When 
power flows through the integrated heated wires the abutting side edges are heated and welded 
to each other inside the pipeline section. In this way the necessity of a separate welding device 
that would penetrate the entire length of the pipeline is omitted. The welding of plastic contact 
surfaces by means of integrated heated wires represents a generally favourable method, the use 
of which is not limited to the present application, and which offers a great variety of possible 
applications. 

With preferred embodiments of the method of the invention polyethylene (PE), cross- 
linked polyethylene (VPE), or polyvinyl! denfluoride (PVDF) is used as the thermoplastic 
plastic material. The weldability of the contact surface can be improved in that the two sides 
that are to be welded to each other consist of different materials, for example one side of PE, 
and the other side of VPE, or one side of PE, and the other side of PVDF. Accordingly it is an 
advantage to produce the plastic strip in the form of a compound material in such a way that 
the plastic strip consists of a different material in one side area than the rest of the plastic strip. 

A preferred embodiment of the invention is realised by means of a segmented interior, 
pipeline arrangement consisting of a plastic strip which is divided into several segments 
extending in a longitudinal direction. The segments can preferably be already pre-shaped in a 
cylinder segment shape. The segments have side edges that fit into each other, which are each 
connected with the side edge of the adjacent segment via a thin foil section and are closed to 
form an annular structure when viewed in cross-section as a whole. In this way a pressure tight 
arrangement that can be folded and inserted into a pipeline is always guaranteed, and the 
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segments can be pressed against the internal shape of the pipeline by applying pressure and 
expanding the same. If several segments are envisaged this will enable the production of a 
pressure tight internal lining only once the same has been inserted into the pipeline, so that 
tolerances of the internal pipeline diameter can be compensated by means of shape adjustment 
before the final welding of the segment arrangement to form a pressure tight internal lining is 
carried out. 

The invention will now be described in more detail with reference to embodiments and 
the enclosed drawings, whereby: - 

Fig. 1 shows a cross- sectional view of an arrangement for carrying out the method of 
the invention; 

Fig. 2 shows a cross-sectional view of an alternative arrangement for carrying out the 
method of the invention; 

Fig. 3 shows a cross-sectional view of a further alternative of an arrangement for 
carrying out the method; 

Figs. 4a to d show cross- sectional views of different embodiments of the strip side 

edge; 

Figs, 4e and f show pipeline cross-sections with deformable plastic strips and lining 
adjusted to match the internal pipeline shape; 

Fig, 5 shows plastic strips and different types of deformation for reducing the cross- 
sectional expansion; and 

Fig. 6 shows a cross-sectional view of a plastic strip arrangement with several 
segments. 

Fig. 1 shows a first embodiment of an arrangement for carrying out the method of the 
invention. An underground pipeline generally identified with the reference number I is shown 
here with a first access shaft 16 and a second access shaft 1 8, The pipeline section that is to be 
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renovated is located between the access points 16 and 18, whilst the pipeline section to the left 
of the same is already equipped with an inliner pipe. The plastic material is provided rolled 
onto a drum 2 and is removed from the same in the form of a flat plastic strip 4. Prior to 
installation into the pipeline section the plastic strip 4 must be prepared by means of 
deformation. This is carried out in processing units 6 and 8, whereby the plastic strip is heated 
in unit 6, to then be deformed in the processing unit 8, For this different deformation methods 
are suitable as long as they sufficiently reduce the cross-sectional expansion of the plastic strip. 
Some examples of possible deformation types are shown in Fig, 5. With one embodiment the 
plastic strip 4 is deformed in that its outer side areas 9 and 1 1 are folded over and are laid on 
top of each other to partially overlap to produce a plastic strip 10 with a reduced cross- 
sectional expansion in this way. The deformed plastic strip 10 is diverted into the first access 
shaft 16 via suitable diversion means and subjected to further processing in the processing unit 
12 prior to insertion into the pipeline section. In here the deformed plastic strip is heated once 
more and deformed with a circular calibre to realise a shape that is almost identical to the final 
pipeline shape by means of widening, the external diameter of which is somewhat smaller than 
the internal diameter of the pipeline thanks to an overlapping of the end areas. The pre-shaped 
pipe 20 is pulled from the processing unit 12 into the pipeline section up to the pipeline outlet 
in the second access shaft 18 by means of a traction rope 14. Subsequently final processing 
takes place inside the pipeline section. For this a final shape adjustment to match the internal 
pipeline wall is necessary. 

To adjust the shape the plastic must be heated once again and pressed against the 
internal pipeline wall under pressure. This can be carried out in different ways; a mole-like 
device can for example be inserted into the pipeline section, and one pipeline section at a time 
can be heated and mechanically pressed towards the outside against the pipeline wall. Heat and 
internal pressure can however also be produced in a different way, for example by means of a 
thermal pressure hose, into which pressurised hot fluid is inserted. 
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When the plastic strip is expanded the original strip side edges are aligned opposite 
each other. The strip side edges 3 and 5 are shaped like a slope as illustrated in Fig. 4a. In this 
way a contact surface extending diagonally in relation to the pipe axis is formed, along which 
the strip side edges 3 and 5 can be offset to compensate interna] pipeline diameter tolerances in 
this way. Following completion of the shape adjustment the contact surfaces of the side edges 
3 and 5 are welded together. 

The welding of the contact surfaces can be carried out by means of hot air, heated wire, 
or laser welding, whereby suitable welding equipment is moved through the pipeline section 
attached to a mole-like device. This can be carried out with the same device with which heat 
and internal pressure is generated for the shape adjustment, so that the mole has to be passed 
through the plastic lining of the pipeline section only once for final processing. 

A further embodiment of the invention is shown in Fig. 2. Here the pre-shaped plastic 
strip is provided rolled onto a roll 2\ so that the preparing processing steps for deforming the 
flat plastic strip in units 6 and 8 shown for Fig. 1 are not necessary. The pre-shaped prepared 
plastic strip 10 is pulled off the roil 2\ inserted into the first access shaft 16, and supplied to 
the processing unit 12 from there. The plastic strip 20 pre-shaped into the form of a pipe with 
overlapping ends is then pulled into the pipeline section in the same way as described for Fig. 
1, and subjected to the final processing already described. 

Fig. 3 shows a further variation of an arrangement of this method. As illustrated in Fig. 
2 the plastic strip 10 already pre-shaped and prepared is pulled from a roll 2 ? and pulled into 
the first access shaft 16. Contrary to the arrangement illustrated in Fig. 2 no further 
deformation takes place immediately prior to insertion into the pipeline section; the strip 1 0 is 
pulled directly into the pipeline section. In this case the deformation and expansion is carried 
out entirely within the pipeline section, whereby heat and internal pressure can be applied as 
described above. 
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Figs. 4a to d show different embodiments of the plastic strip with reference to their side 
edges. In Fig. 4a the side edges 3 and 5 are sloped, so that a diagonally extending contact 
surface, e.g. a contact surface that does not extend radially in its cylinder cross-section is 
formed when the plastic strip is closed to form a cylinder shape. In this way the side edges 3 
and 5 can be offset from each other in a favourable way to correct possible diameter tolerances. 

In Fig. 4b a plastic strip with sloped side edges 3 and 5" is shown, which are here 
produced from a compound material. Instead of a single material strip a side area is here 
produced from a different material, for example the side strip of side edge 5" being made of 
VPE, whilst the rest of the plastic strip consists of PE. The materia] transition on the contact 
surface effects different and favourable welding characteristics. 

In Fig. 4c the side edges 3' and 5 3 are shaped in a complimentary way and equipped 
with a rib and a groove, so that the same fit into each other by means of form closure when the 
plastic strip is expanded within the pipeline. 

In Fig. 4d a particularly preferred design of the plastic strip with integrated heated 
wires that can be used for all described variations is shown. Electrical conductors 24 extend 
near the side edges 3 and 5 in longitudinal direction of the strip. They are already inserted into 
the plastic strip during the extrusion process when the same is produced. When a voltage is 
applied via the conductors 24, for example between the access shafts 16 and 18, the contact 
surfaces of the side edges are heated and welded to each other as long as the same have been 
correctly aligned during the previous expansion of the plastic strip. 

Fig. 5 shows some examples how the plastic strip can be sufficiently reduced in its 
cross-sectional expansion by means of deforming in order to fit into the pipeline diameter in 
this way. Based on a flat plastic strip 4 the side areas 9 and 1 1 representing approximately 1/3 
of the width of the same are folded over and laid on top of each other following heating. With 
repeated folding the deformed prepared plastic strips 10 5 and 10" are created. The arrow 
indicates the processing sequence in which a flat plastic strip 4 is converted into a deformed 
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strip 10, 10\ 10" during an interim step and how the same forms a pressure tight interna] pipe 
22 created by welding as the final result. 

Fig. 6 shows an example of a segmented plastic strip arrangement of the invention 
consisting of several segments 30, 32 extending in a longitudinal direction, which are 
connected with each other via thin plastic sections 3 1 and closed to form an annular circle as a 
whole. With the embodiment shown here just one division into two segments is envisaged, 
although a more detailed segmentation is also possible. One segment is provided in a pre- 
shaped form and is fitted to suit the cylinder segment shape of the pipeline. The other segment 
30 can have a different shape, and for example be flat or also already pre-shaped as a 
cylindrical segment. This plastic strip arrangement represents a closed structure across its 
entire circumference even prior to being welded, so that the segments are expanded by 
increasing internal pressure following insertion of the same into the pipeline section, e.g. when 
the segment 30 is pressed into the open gap of the segment 32. In the same way it would be 
possible here to use the methods already described above for the shape adjustment, heating, the 
increasing of internal pressure, and welding. 
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Claims :- 

1. Method for renovating pipelines by pressure tight lining with thermoplastic plastic, 
characterised in that 

a plastic strip (4), the width of which almost equals that of the internal circumference of 
the pipeline (1) and which is prepared by deforming in such a way that its cross-sectional 
expansion is smaller than the pipeline diameter, is pulled into the pipeline section to be 
renovated through one end of the same, 

the strip pulled into the pipeline is adjusted to match the shape of the internal pipeline 
wall by applying heat and pressure, whereby the side edges (3, 5) of the strip are aligned to 
abut against each other, and 

the abutting strip side edges (3, 5) are welded along their contact surfaces and a closed 
pressure tight lining (22) is formed across the pipeline circumference in this way. 

2. Method according to Claim 1, characterised in that a flat plastic strip (4) is pulled from 
a drum (2) for pulling the same into the pipeline section, and prepared for insertion by means 
of deforming in that the same is heated and the outer side areas (9, 11, 9\ IV) of the strip 
folded over and partially overlapped. 

3. Method according to Claim 1 , characterised in that a prepared pre-shaped strip (10, 10\ 
10") is pulled from a plastic strip drum (2 5 ) with the side areas already folded prior to insertion 
into the pipeline section. 

4. Method according to one of the preceding Claims, characterised in that the prepared 
pre-shaped plastic strip (10, 10', 10") is heated immediately prior to being pulled into one end 
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of the pipeline section and over a circular calibre, and expended to the shape of a pipe with an 
external diameter that is somewhat smaller than the internal diameter of the pipeline. 

5. Method according to one of the preceding Claims, characterised in that the side edges 
(3, 5) of the plastic strip (4) are sloped in relation to the surface of the strip, so that the side 
edges form contact surfaces when the plastic strip is deformed into a pipe shape, the cross- 
section of the same not extending radially in relation to the central pipe axis. 

6. Method according to one of the preceding Claims, characterised in that the heating for 
adjusting the plastic strip to match the shape of the internal pipeline wall can be carried out by 
means of hot air, steam, or a thermal pressure hose. 

7. Method according to one of the preceding Claims, characterised in that the application 
of pressure for adjusting the plastic strip to match the shape of the internal pipeline wall can be 
carried out mechanically by means of a mole-like device, or by means of a pressurised thermal 
pressure hose. 

8. Method according to one of the preceding Claims, characterised in that the welding of 
the contact surfaces of the strip side edges (3, 5) is carried out by means of hot air, heated wire, 
laser, or extrusion welding. 

9. k Method according to one of the preceding Claims, characterised in that electrically 
heated wires (24) are inserted into the plastic strip (4) and extend in a longitudinal direction 
near the strip side edges (3, 5), and in that the welding of the contact surfaces of the strip side 
edges is carried out by means of heating the integrated heated wires (24). 
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10. Method according to one of the preceding Claims, characterised in that the plastic strip 
consists of polyethylene (PE), cross-linked polyethylene (VPE), or polyvinylidenfluoride 
(PVDF). 

11. Method according to one of the preceding Claims 1 to 9, characterised in that the 
plastic strip is shaped in the form of a compound material, in that one side edge (3) consists 
completely of polyethylene (PE), whilst the opposite side edge (5") consists completely of 
cross-linked polyethylene (VPE) or polyvinylidenfluoride (PVDF), so that the contact surfaces 
to be welded form a PE-VPE or a PE-PVDF transition. 

12. Segmented internal pipe arrangement for renovating pipelines by means of a pressure 
tight lining of the internal pipeline wall with thermoplastic plastic, characterised in that 

a plastic strip, the width of which almost equals the internal circumference of 
the pipeline (1), is separated into several segments (30, 32) pre-shaped into a cylinder segment 
form extending in a longitudinal direction, of which at least some are adjusted to match the 
internal pipeline wall, 

the segments (30, 32) extending in a longitudinal direction comprise matching 
side edges connected with each other via thin foil sections (31), and 

the segments are all closed to form an annular structure, which is expanded 
inside the pipeline that is to be renovated whilst applying heat and pressure into a pipe shape 
and welded to form a pressure tight inliner pipe. 

Enclosed - 3 pages of drawings. 



